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Background 
More than fifty percent of people with limb amputations participate in sports or physical 
activity following amputation. Athletes with limb amputations may face additional 
challenges including phantom limb pain (PLP), psychological barriers, prosthetic 
complications, and gait abnormalities. Prevalence of PLP in the general amputee 
population is estimated to be as high as 85%. Despite the high prevalence of PLP, there is 
little research regarding the use of gait training as a treatment for PLP among both the 
general amputee population and athletes. 

Case Description 
A 20-year old female collegiate track and field athlete presented with phantom knee pain 
brought on with running. The athlete demonstrated deficits in core and hip strength as 
well as decreased single leg stability bilaterally. Running gait analysis revealed 
circumduction with the prosthesis for limb advancement and increased vaulting with 
push off on the sound (uninvolved) limb. Gait retraining strategies were implemented to 
address video analysis findings and create a more efficient running gait and address 
phantom limb pain symptoms. 

Outcomes 
Rehabilitation and gait retraining strategies were effective in improving several clinical 
and functional outcomes in this case. Significant improvements were noted in PLP, 
running gait mechanics, and the patient’s psychological and functional status as 
measured with a standardized outcome tool, the Patient-Reported Outcomes 
Measurement Information System® (PROMIS®). 

Discussion 
Running gait training following amputation could be a crucial component of 
rehabilitation for athletes in an attempt to lessen pain while running, especially in those 
experiencing phantom limb pain (PLP). Utilization of a multidisciplinary team in the gait 
retraining process is recommended. There is a need for further research to determine the 
effects of running gait retraining for management of PLP in athletes with amputation. 

Level of Evidence 
5 

INTRODUCTION 

More than fifty percent of people with limb amputations 

participate in sports or physical activity following amputa-
tion. Exercise has been shown to positively influence self-
esteem, perceived body image and better control of physical 
function in this population.1 Unfortunately, for many indi-
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viduals, participation in sports may decrease following am-
putation due prosthetic barriers, including poor prosthetic 
fit and the prohibitive expense of a sports prosthesis.1 

Additionally, athletes with amputations may experience 
pain resulting from the compensatory and asymmetrical 
movements that frequently occur following amputation. 
Older age, more proximal amputation and vascular changes 
are associated with impairments in activities of daily living 
and are likely obstacles to athletic endeavors.1 Athletes 
with amputations face further challenges when returning to 
activity including phantom limb pain, psychological barri-
ers, prosthetic complications, and gait abnormalities. 

Phantom limb pain (PLP) is defined as pain perceived as 
originating from the absent limb. Onset may occur soon af-
ter amputation or years later, although the majority of in-
dividuals with amputation report onset of symptoms within 
one year of amputation with reduced prevalence there-
after.2 In a study of adults with a history of upper extremity 
amputations, two typical peak periods of onset were noted: 
one month after amputation and one year after amputa-
tion.3 The experience of PLP is variable and the etiology is 
not well understood. Proposed causes include altered pe-
ripheral neural mechanisms (including peripheral nerve ir-
ritation or neuroma), central neural mechanisms, or psy-
chogenic factors including depression, anxiety, and altered 
body perception.24 Risk factors for the development of PLP 
include pain in the affected limb prior to amputation, pain 
in the intact residual limb, upper extremity amputation, 
and female gender. Prevalence of PLP in the general am-
putee population is estimated to be as high as 85%.5 There 
are no published data on the incidence of phantom limb 
pain in athletes with amputations. 

Despite the high prevalence of PLP, there is little re-
search regarding the use of gait training programs as a 
treatment for PLP among both the general amputee pop-
ulation and athletes. One systematic review evaluated gait 
training interventions post-amputation but did not address 
outcomes regarding PLP nor did it include athletes.6 While 
gait training with a prosthetic limb is an important com-
ponent of rehabilitation following lower extremity amputa-
tion, it need not end once functional community ambula-
tion has been achieved. For runners and other athletes with 
amputations, gait training can be a key aspect of rehabil-
itation to facilitate safe mechanics during higher levels of 
physical activity such as running and sports. Gait retraining 
may also have the potential to reduce phantom limb pain in 
lower extremity amputees through improved gait mechan-
ics. 

The purpose of this case report is to describe the use of 
running gait retraining strategies to address phantom limb 
pain in a collegiate athlete with transfemoral amputation. 
Due to a paucity of literature on this topic, when presented 
with the opportunity to provide gait training for one such 
transfemoral amputee collegiate sprinter it was necessary 
to develop a novel program utilizing a multidisciplinary ap-
proach. 

METHODS 
CASE SUBJECT 

A 20-year old female National Collegiate Athletic Associa-
tion (NCAA) Division III collegiate track and field athlete 
presented to her certified athletic trainer with phantom 
knee pain. Her medical history included right transfemoral 
amputation four years prior due to tibial osteosarcoma. At 
the initial presentation, the athlete reported two weeks of 
increased phantom knee pain with running, stair negotia-
tion, and walking uphill. The athlete reported that she first 
noticed the pain one year ago, but it was now more persis-
tent despite no new injuries or significant changes in train-
ing. Pain was reported to begin a few minutes into a running 
workout and continued throughout training and post-work-
out. The athlete experienced minimal to no pain at rest. In 
addition to pain, the athlete also expressed concern regard-
ing the efficiency of her running gait. 

After evaluation by her team physician, the athlete was 
referred to physical medicine and rehabilitation for physi-
cian consultation regarding phantom limb pain. The physi-
cian report stated that her right transfemoral amputation 
was well-healed with no evidence of skin breakdown, ery-
thema, or tenderness. There were no concerns about her 
mood or affect at that time, and her walking gait was de-
scribed as a normal reciprocal gait with right transfemoral 
amputation. It was recommended that she start gabapentin 
300 milligrams daily. There were no diagnostic imaging 
studies performed at that time. The athlete reported no pre-
vious or concurrent rehabilitation for management of PLP, 
including gait retraining. 

Prior to amputation, the athlete had participated on her 
high school cross country and track and field teams, focus-
ing primarily on distance events. Post-amputation, she had 
not received any formal gait training to facilitate return to 
running. Since returning to running, the athlete had com-
peted mostly in sprint events, although she reported being 
able to run comfortably at only one speed regardless of 
event or distance. 

The athlete presented to her physical therapy evaluation 
wearing her walking prosthesis, with her running blade 
prosthesis in hand. She reported actively participating in 
preseason collegiate track workouts but was limiting her 
running activity due to PLP symptoms. The athlete reported 
no complaints or pathology of her sound limb. Her goals in-
cluded being able to run comfortably without pain and to 
eventually complete a 5k. 

PROSTHESIS DESIGN 

The subject of this case report utilizes a socket design which 
focuses on maximum comfort and control, all the while 
achieving a light-weight solution. Suction suspension mini-
mizes in socket movements that may trigger undesired pain 
and skin breakdown. These characteristics are imperative 
for a highly active individual with increased demands. Thin 
socks were also implemented to maximize suction and min-
imize energy loss. The athlete’s prosthetic knee (Cheetah 
Knee by Ossur, headquartered in Reykjavík, Iceland) (Figure 
1a and 1b) is an ideal choice for running and sprinting ac-
tivities. The polycentric design promotes stability in stance, 
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but allows controlled deceleration during athletic activities. 
Multiple aspects of swing can be adjusted independently to 
yield the most energy and time efficient outcomes. The ath-
lete’s prosthetic foot (Flex Run by Ossur) leverages optimal 
prosthetic ingenuity with Nike’s traction and sole technolo-
gies. The foot does not require a sneaker, and the stiffness 
and design varies according to an athlete’s weight in order 
to facilitate an optimal energy storage and return. When or-
dering this type of prosthetic foot, one must consider the 
loads placed on it (a function of patient weight) and the fre-
quency (a function of velocity) in which it will compress. 
Loads and frequencies change between running and ambu-
lation, and therefore when categorized for running, such a 
foot would not be optimal for everyday ambulation.7 

PHYSICAL THERAPY EVALUATION 

Initial evaluation by a physical therapist specializing in 
running medicine revealed hip extension strength deficits 
bilaterally, with the involved right leg exhibiting 4-/5 
strength and sound left limb with 4/5 strength. Hip abduc-
tion muscle strength was 4/5 bilaterally. Sound limb plan-
tarflexion and inversion strength were also 4/5. Standard 
core strength measurements were unable to be assessed 
due to the amputation, however the athlete was observed 
to demonstrate decreased core stability as evidenced by in-
creased anterior tilt and lumbar lordosis during perfor-
mance of supine and standing core exercises. The athlete 
demonstrated knee valgus and pronation on the sound limb 
with single leg squatting, and decreased stability with sin-
gle leg balance bilaterally. She was unable to balance unilat-
erally on her prosthetic side, in either her walking or run-
ning prosthesis. 

A 2-D video analysis of the athlete’s running gait with 
her running blade prosthesis was taken at the initial physi-
cal therapy visit. Due to reported discomfort when running 
on a treadmill, videos were taken outdoors over a series 
of five 75-meter trials. Initial findings of the running gait 
analysis revealed circumduction with the prosthesis for 
limb advancement and increased vaulting with push off on 
the sound limb. During swing phase relative to the prosthe-
sis, the athlete demonstrated increased abduction as well 
as ipsilateral trunk lean at mid swing, followed by signifi-
cant hip flexion and internal rotation to further advance the 
prosthesis in preparation for initial contact. Decreased knee 
flexion with the prosthesis was noted throughout swing 
phase primarily due to limb circumduction momentum. The 
athlete utilized a slight posterior trunk lean during initial 
contact and midstance on the prosthetic side, versus an 
upright posture with initial contact and midstance on the 
sound limb. Increased lumbar lordosis, knee valgus and 
pronation were noted during midstance on the sound limb. 
The athlete demonstrated a forefoot strike pattern on the 
sound limb. There was evidence of overstriding bilaterally 
in her video gait analysis. 

INTERVENTION 

Early intervention consisted of core and hip strengthening 
exercises bilaterally, focusing on pelvic stability during rec-
iprocal leg movement. Sound limb strengthening was also 

Figure 1: Static alignment of prosthesis with patient 
loading sound and involved sides equally 

implemented to address dynamic valgus and pronation ten-
dencies noted during both the initial examination in stand-
ing and video gait analysis with running. Dynamic exercises 
were performed to improve balance and strength while 
weight shifting on and off the prosthetic side during step-
ping movements. This was initiated in the athlete’s walking 
prosthesis and progressed to the running blade prosthesis, 
utilizing multiplanar and multi-height stepping and lung-
ing exercises. Single leg balance exercises were introduced 
bilaterally as well. Ultimately, exercises focusing on 
turnover, speed and power were implemented (Table 1). 
Throughout the course of rehabilitation, exercises in these 
categories were progressed both in the clinic and for the 
athlete’s home program. 

It was crucial that the athlete develop confidence in her 
use of the running blade prosthesis, as it differed greatly 
from the capabilities of her day-to-day prosthesis. One 
strategy to increase confidence was named “fast feet” and 
consisted of quickly shifting weight from one leg to another. 
This required the athlete to accept weight onto the pros-
thetic side, then push off to land back on the sound limb 
without any forward motion initially. Speed, time spent on 
each limb and base of support were variables that were ma-
nipulated over time to increase challenge as the athlete’s 
skill and capacity progressed. This activity required the ath-
lete’s weight to be balanced on her forefeet. As the video 
gait analysis revealed, the athlete already employed a fore-
foot strike pattern on her sound limb while running. This 
was beneficial, as the prosthetic foot requires a forefoot 
strike pattern with running.8,9 The prescribed “fast feet” 
exercise enabled her to build strength, balance and assur-
ance while transferring and maintaining weight onto the 
forefoot of her running blade prosthesis. 
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Table 1: Exercise Interventions and Progressions 

Core activation 

Focus: pelvic stability with reciprocal leg motion 

Progression: 
Single leg bridging with foam roller 
Standing bird dog 
Side planks 
Suspension trainer (TRX) knee drives 

Weight Acceptance 

Focus: Increase confidence with weight bearing and stability on 
running prosthesis 

Progression: 
Double leg squatting 
Multi-directional lunging 
Single leg balance 
Standing single leg weight shifts 
Wall lean knee drive 

Strength 

Focus: Sound limb dynamic stability 

Single leg heel raises 
Lateral step downs 
Lateral lunges 
Single leg hip hinge progression 

Speed 

Focus: Encourage quick turnover, forefoot weight bearing and 
decreased stance time 

Fast feet 
Agility ladder 
High knees 
Rear kicks 

The initial goal of running gait modification was to de-
crease the stride length and vaulting noted on video analy-
sis, as the working theory was that the excessive impact 
sustained while landing on the prosthetic limb was con-
tributing to the athlete’s symptoms. To address this, for-
ward motion was added to the “fast feet” exercise, starting 
with a wide base of support. This helped the athlete learn 
to push off her sound limb and land on her prosthetic leg 
quickly. Progression included increasing speed and narrow-
ing base of support until the athlete began to run more nat-
urally. Through this strategy, stride length decreased and 
the vaulting seen on initial gait analysis was minimized, al-
though a circumduction pattern for limb advancement re-
mained. The athlete did not experience pain with these 
drills in clinic, during her home exercise program, or during 
track practice sessions. 

Given that her prosthesis included a hydraulic knee, it 
was desirable to build a more efficient running gait pattern 
in which her knee flexed and extended in the sagittal plane, 
rather than the circumduction pattern that had been ob-
served. A forefoot strike pattern assisted with this, as pres-
sure on the forefoot combined with a forward lean is re-
quired to facilitate prosthetic knee flexion.9,10 Static and 
dynamic exercises emphasizing controlled hip flexion and 
knee drive were introduced to facilitate this mechanism. 
These aimed to help the athlete increase balance, strength 
and confidence in weight bearing through the toe of her 
prosthesis in order to facilitate the transition to knee flex-
ion during running to produce a more natural and efficient 
gait pattern.11 As the athlete became more comfortable 
with this running pattern, additional running drills were 
added to develop her ability to run at varying speeds. 

As the athlete progressed to running at different speeds, 
stride length changes were noted. A return of increased 
stride length when sprinting was noted bilaterally. While 
this may have initially been due to fear of prosthetic swing 
clearance, it was only exhibited during sprinting and there-
fore might simply represent a functional adaptation for 
generating speed and power. Further observation demon-

strated that the athlete maintained knee flexion through 
swing phase on the prosthetic side despite this change in 
stride length. There was no degradation of her newly devel-
oped knee flexion and she was able to sprint without vault-
ing and with equal stride length bilaterally. 

The athlete’s athletic trainer reported that she continued 
to work with the athlete on occasion as well providing heat, 
ice, and electrical stimulation in the training room. The re-
mainder of the athlete’s rehabilitation exercises were per-
formed on the athlete’s own time and with physical therapy. 
The athlete did participate in indoor and outdoor track 
workouts with her collegiate team throughout the course of 
her rehabilitation. 

OUTCOMES 

Over the course of rehabilitation, the athlete in this case 
demonstrated significant improvements in several clinical 
and functional outcomes, including reported PLP symp-
toms, running gait pattern, psychological measures, and 
overall function. The athlete had complete resolution of her 
phantom limb pain after eight weeks of rehabilitation. As 
a result, she did not initiate the prescribed medication and 
did not require additional follow up from physiatry. There 
were no adverse events or skin breakdown during the course 
of physical therapy. 

Running gait pattern improvements were measured via 
2D video gait analysis. Running gait analysis was performed 
at the first visit and approximately every two weeks 
throughout the first four months of rehabilitation. Kine-
matic video and still-frame analysis of key phases of the gait 
cycle demonstrated post-treatment improvements in limb 
circumduction, stride length, and vertical displacement. Us-
ing 2-D analysis, marked improvements in cadence, trunk 
lean and peak abduction of the athlete’s prosthesis were 
noted. (Table 2) Following her gait retraining interventions, 
the athlete demonstrated increased hip adduction and re-
duced hip flexion and internal rotation during swing phase 
with her prosthesis. The athlete also demonstrated im-
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Table 2: Gait Analysis Changes 

Time of Treatment 2 months 

Therapy Sessions 6 visits 

Changes in Gait Pattern Initial End Difference 

Cadence 140 spm 192 spm 52 spm 

Forward Trunk Lean (midstance) 5° 12° 7° 

Peak Hip Abduction (prosthesis, swing phase) 11.0° abd 11.1° add 22.1° deg 

Spm= steps per minute, abd= abduction, add= adduction 

Table 3: PROMIS® Scores 

Time of Treatment 7 months 

Therapy Sessions 16 visits 

PROMIS® Scores Initial 
(T-score) 

End 
(T-score) 

Difference 
Delta (SD) 

Adult Physical Function 50 54 4 (.4) 

Adult Pain Interference 52 39 13 (1.3) 

Adult Depression 39 34 5 (.5) 

Note: In most cases across most domains, a PROMIS® score of 50 represents the mean in the U.S. general population and a standard deviation is described as a 10 point change. (22) 

provement in single leg stability on her sound limb, with 
decreased valgus and lateral trunk lean noted in midstance 
(Table 2). After the completion of her rehabilitation, the 
athlete was able to run at varying speeds as required to train 
and compete in track events. The athlete reported signif-
icant improvement in running efficiency after the therapy 
and gait interventions. Over the course of her subsequent 
indoor track season, the athlete also reported objective, 
functional success in the form of a three second reduction 
in her 60-meter dash time, with a personal best recorded at 
14.64 seconds. 

Physical and psychological outcomes were assessed us-
ing the Patient-Reported Outcomes Measurement Informa-
tion System® (PROMIS®). The PROMIS® computer adaptive 
testing instruments are validated, publicly available, NIH-
developed instruments that determine standard scores of 
various self-reported patient outcomes such as physical 
function, depression, and pain interference.12 Over seven 
months totaling 16 visits, the subject of this case report 
demonstrated improvement in self-reported PROMIS® 

scores across three domains: Adult Physical Function, Adult 
Pain Interference, and Adult Depression, with the largest 
improvement noted in Adult Pain Interference (1.3 SD). 
(Table 3) 

DISCUSSION/CONCLUSION 

Running gait training following amputation could be a cru-
cial component of rehabilitation for athletes in an attempt 
to lessen pain while running, especially in those experienc-
ing phantom limb pain (PLP). Currently, the authors are un-
aware of any literature regarding gait retraining to address 

phantom limb pain in amputee runners. It was unclear what 
led to the development of phantom limb pain in this par-
ticular athlete, though in general the development of PLP 
is not fully understood. The authors suspect that the cause 
of PLP in this case was multifactorial. Because the PLP oc-
curred mostly with running and not at rest, it was hypoth-
esized that inefficient running gait was a key contributing 
factor. 

A few potential mechanisms for PLP are described in the 
literature.2,13 One potential cause of PLP is explained by a 
peripheral nerve irritation hypothesis. In this pathway, me-
chanical irritation of the distal residual limb generates PLP 
via noxious stimulation of a peripheral nerve. This explana-
tion may be applicable in this case, as we do believe that the 
athlete’s inefficient running gait pattern could have con-
tributed to abnormal stress on her distal residual limb. In 
this case, PLP improved after a rehabilitation program that 
included running gait interventions which has the potential 
to decrease peripheral nerve irritation of the distal residual 
limb. 

A few variables within a running prosthesis which can 
adversely affect athletic performance include suboptimal 
socket suspension10 and componentry malalignments.14,15 

The athlete in this case did experience prosthesis fit diffi-
culties towards the end of her physical therapy interven-
tion, reporting loosening of the socket when running and 
the feeling that her prosthesis was “falling off.” This loos-
ening was observed to create increased internal rotation of 
the prosthesis with hip flexion while running and overall 
reduced running speed. While the literature does describe 
dissatisfaction with prosthesis as a possible contributing 
factor to PLP,5 in this case the athlete’s symptoms had re-
solved prior to the onset of fit issues and resulting pros-
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thesis modifications. Modifications to the socket were made 
by the athlete’s prosthetist and thin socks were provided to 
help accommodate limb volume fluctuation, ultimately pro-
viding a better fit. The athlete’s symptoms did not return 
throughout her prosthesis adjustment period. While the fit 
of the running prosthesis was not believed to be a factor in 
the onset of PLP in this case, additional study of a larger co-
hort would be required to determine if these variables might 
explain PLP in other transfemoral amputee athletes, with or 
without competitive running aspirations. 

Changes in physical function, pain and mood were as-
sessed through a self-reported outcome measurement 
(PROMIS®), where a t-score of 50 is indicative of the general 
US population within each domain. Age related norms have 
also been established for each of the listed domains; for 
age range 18-34 years norms are as follows: Adult Physical 
Function: 55.1 (SD 8.4) Adult Pain Interference 47.8 (SD 9.0) 
and Adult Depression: 52.3 (SD 10.9).16 The authors are un-
aware of established norms related to individuals with am-
putation; further study into this domain could be indicated. 
The case athlete demonstrated the most improvement in 
pain interference, with a final t-score of 39. Remarkably, the 
subject concluded her treatment with a t-score less than 
both the general population and her peers. She also re-
ported a final t-score of 54 in the Adult Physical Function 
domain, equal to both general and age-related norms in the 
United States population. 

The positive benefits of activity on mood and psycho-
logical health are well known,17 but the effects were not 
able to be specifically delineated in this single case. The 
athlete did demonstrate improvement in PROMIS® score in 
the depression domain, however this did not achieve the 
suggested minimal clinical important difference (MCID) of 
greater than .5 of the standard deviation.18 (Table 3). It is 
noted that the athlete’s beginning and end PROMIS® scores 
for Adult Depression were below the average and age-re-
lated population norms, potentially indicating better mood 
compared to general population and/or peers. While the 
current case did not yield enough data to draw definitive 
conclusions about changes in depression, this could be an 
interesting area of future study should this area of rehabili-
tation be expanded to a larger population. 

A limitation of this case report was the use of a 2D video 
analysis system rather than the 3D video analysis which is 
typically considered the gold standard. However, the use of 
a 2D system can be ideal in a clinical setting and is often a 
more practical and cost efficient tool for the rehabilitation 
clinician. Measurements of trunk lean and peak hip abduc-
tion were taken on a still frame, and are therefore not as ac-
curate as compared to 3D measures. Despite the limitations 
of 2D data capture, there were significant clinical changes 
in peak hip abduction based on degree of change and visual 
observation (Figure 2). Changes described in this study were 
consistently noted at the same phase of running respec-
tively and occurred over multiple strides of each recorded 
run. 

Improvement in core strength and stability were an im-
perative part of this athlete’s rehabilitation, as it was neces-
sary to increase pelvic control to promote ideal trunk posi-
tion with running. While traditional core strength measures 
have been described and utilized in able- bodied athletes, 

Figure 2: Midstance on the athletes sound limb 
noted on Day 1: Initial Evaluation (left); at one 
month (middle); and at two months (right). Changes 
in alignment of both the prosthesis and sound limb 
can be appreciated at this phase of running gait. 

the authors are unaware of the validity of these same tests 
in the case of an athlete following amputation. Further in-
vestigation into the validity of these tests for the amputee 
population should be completed in the future. 

Future investigations could explore gait retraining tech-
niques used in this case toward the development of a pro-
gram that could be applied to other transfemoral or 
transtibial amputee athletes. Other opportunities for study 
include examination of factors associated with the devel-
opment of PLP in runners to better understand if there are 
risks for development of PLP unique to the amputee ath-
lete population versus the general amputee population, or 
if there are actually other protective factors at work. Ad-
ditional study of a larger cohort would be required to de-
termine if the factors and interventions illustrated in this 
case might respectively explain or treat PLP in other trans-
femoral amputee athletes, with or without competitive run-
ning aspirations. Since PLP in general is poorly understood 
it is important to keep in mind that rehabilitation programs 
may vary in an attempt to individualize treatment ap-
proaches for a wide variety of needs until a greater under-
standing of key variables and treatment pathways emerge. 

CONCLUSIONS 

This case report summarizes the successful evaluation and 
treatment of a female collegiate running athlete with trans-
femoral amputation that presented with PLP and running 
gait impairment. Key principles in the case of this athlete 
include diagnosis of running gait impairment by a physical 
therapist specializing in running medicine as well as a 
unique rehabilitation program designed by this therapist to 
address the gait abnormalities that we believe significantly 
contributed to the resolution of her PLP. Over the course of 
her treatment, this athlete worked with a multidisciplinary 
team including team athletic trainer, team physician, phys-
ical therapist, prosthetist and physiatrist. The unique ex-
pertise of each of the providers discussed in this report was 
beneficial to the care of this athlete and is a good model go-
ing forward for the collaboration that is necessary for a suc-
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cessful outcome in this type of case. 
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